Context. Gamma Doradus and delta Scuti pulsators cover the transition region between low mass and massive main-sequence stars, and as such, are critical for testing stellar models. When they reside in binary systems, we can combine two independent methods to derive critical information, such as precise fundamental parameters to aid asteroseismic modelling. In the Kepler light curve of KIC 10080943, clear signatures of gravity-and pressure-mode pulsations have been found. Ground-based spectroscopy revealed this target to be a double-lined binary system. Aims. We present the analysis of four years of Kepler photometry and high-resolution spectroscopy to derive observational constraints with which to evaluate theoretical predictions of the stellar structure and evolution for intermediate-mass stars. Methods. We used the method of spectral disentangling to determine atmospheric parameters for both components and derive the orbital elements. With phoebe, we modelled the ellipsoidal variation and reflection signal of the binary in the light curve and used classical Fourier techniques to analyse the pulsation modes. Results. We show that the eccentric binary system KIC 10080943 contains two hybrid pulsators with masses M 1 = 2.0 ± 0.1 M and M 2 = 1.9 ± 0.1 M , with radii R 1 = 2.9 ± 0.1 R and R 2 = 2.1 ± 0.2 R . We detect rotational splitting in the g and p modes for both stars and use them to determine a first rough estimate of the core-to-surface rotation rates for the two components, which will be improved by future detailed seismic modelling.
Introduction
The stellar interior was one of the most inaccessible parts of the universe until the advent of asteroseismology. Nowadays we can use stellar pulsations to inspect the conditions deep beneath the stellar photosphere and to calibrate theoretical stellar models (e.g. Chaplin & Miglio 2013; Aerts 2015) . A particularly interesting group of stars for this type of analysis are the γ Doradus Based on the data gathered with NASA's Discovery mission, Kepler, and with the HERMES spectrograph, installed at the Mercator Telescope, operated on the island of La Palma by the Flemish Community, at the Spanish Observatorio del Roque de los Muchachos of the Instituto de Astrofísica de Canarias and supported by the Fund for Scientific Research of Flanders (FWO), Belgium, the Research Council of KU Leuven, Belgium, the Fonds National de la Recherche Scientific (F.R.S.-FNRS), Belgium, the Royal Observatory of Belgium, the Observatoire de Genève, Switzerland, and the Thüringer Landessternwarte Tautenburg, Germany.
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Postdoctoral Fellow of the Fund for Scientific Research of Flanders (FWO), Belgium (hereafter γ Dor) and δ Scuti (hereafter δ Sct) pulsators. They are found on and slightly above the main sequence, near the classical instability strip of the Hertzsprung-Russell diagram (HRD), ranging between 1.5 M and 2.5 M in mass. In this transition region, the outer convective envelope becomes shallower with increasing mass until it is negligible, and energy is mainly transported radiatively, while in the centre, the core becomes increasingly convective.
The γ Dor stars are somewhat cooler and less massive than δ Sct stars, having masses from 1.5 M to 1.8 M and spectral type A7-F5 (Kaye et al. 1999 , and references therein). Their typical pulsation periods between 0.3 d and 3 d are consistent with non-radial, high-order, low-degree gravity (g) modes, which are driven by the convective flux blocking mechanism at the base of the convective envelope (Guzik et al. 2000; Dupret et al. 2005) . The δ Sct stars, on the other hand, have been studied for almost a century and have masses up to 2.5 M . They pulsate in radial as well as non-radial, low-order, low-degree pressure (p) modes at shorter periods between 18 min and 8 hr, which are driven by the κ mechanism (e.g. Breger 2000) . Besides main-sequence stars and more evolved sub-giants, δ Sct pulsations have also been deArticle number, page 1 of 22
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A&A proofs: manuscript no. aa26945-15 tected in pre-main sequence stars, providing an important tracer for early stellar evolution (Zwintz et al. 2014) . Where the γ Dor and δ Sct instability strips overlap, stars are expected to show both types of pulsations (Dupret et al. 2005) . These so-called hybrid pulsators are especially useful for asteroseismic studies to test stellar models, since the g-mode cavity is located close to the core and p modes have higher amplitudes in the outer envelope.
For a non-rotating star, it is theoretically predicted that highdegree g modes of the same degree and of consecutive radial orders n are equidistantly spaced in period if n (Tassoul 1980). Miglio et al. (2008) demonstrate that these period spacings can depart from their equidistant behaviour as the star evolves from the start to the end of its core hydrogen-burning phase. These departures from regularity carry crucial information on the conditions near the core where g modes have their largest amplitudes. A gradient in chemical composition can cause mode trapping and can lead to an oscillatory behaviour of period spacings, while additional mixing processes, such as diffusion, convective-core overshooting, and rotation can reduce this gradient. Additional mixing mechanisms can significantly influence the time a star spends on the main sequence by supplying the core with additional hydrogen for fusion (Miglio et al. 2008) .
Rotation can furthermore introduce rotational splitting, which facilitates identification of the modes' azimuthal order m and can shift g modes to shorter periods, which has been studied extensively by Bouabid et al. (2013) . Rotational splitting, as first described by Ledoux (1951) , also occurs for p modes. If it is detected in hybrid pulsators in both the g and p modes, additional constraints can be derived on the radial rotation profile in a largely model-independent way. This has recently been achieved by Kurtz et al. (2014) and Saio et al. (2015) , who found nearly rigid rotation in two hybrid pulsators, requiring a much more efficient angular momentum transport mechanism than previously assumed. This has also been concluded from surface-to-core rotation rates detected for red giant stars through rotationally split mixed modes (Beck et al. 2012; Mosser et al. 2012; Deheuvels et al. 2014 Deheuvels et al. , 2015 , which are two orders of magnitudes below the theoretically predicted value (Cantiello et al. 2014; Fuller et al. 2015) . For the Sun, on the other hand, it has not yet been possible to measure the rotation of the core, as until now, no g-mode pulsations have been observed . These and other recent breakthroughs in asteroseismology have been achieved by exploiting the nearly uninterrupted, high precision photometry of space missions, such as MOST (Walker et al. 2003) , CoRoT (Auvergne et al. 2009 ), and Kepler (Borucki et al. 2010) . In particular, the detection and analysis of γ Dor stars and hybrid pulsators have benefited from these observations, since they have been studied in extensive samples of A-F type stars observed with Kepler (e.g. Grigahcène et al. 2010; Uytterhoeven et al. 2011; Balona 2014; Bradley et al. 2015) . In addition, Tkachenko et al. (2013) selected 69 candidate γ Dor stars, which have been followed up spectroscopically and analysed in more detail by Van Reeth et al. (2015a,b) . Facilitated by the high frequency resolution possible from four years of Kepler photometry, they found period spacing patterns in 50 stars. Four more g-mode pulsators have been presented by Bedding et al. (2014) , who detect period spacings and rotational multiplets from period échelle diagrams. These excellent observational results confirm the theoretical predictions of period dips, which are the result of a chemical gradient, and slopes, which are the result of rotation, by Bouabid et al. (2013) .
Despite the immense potential of asteroseismic modelling for stellar astrophysics, a unique solution is hampered by degeneracies among the free parameters (e.g. mass, age, initial metallicity, chemical mixture, and mixing processes; see, e.g. Moravveji et al. 2015) . Additional observational constraints to help lift these degeneracies can be provided by binary stars that contain at least one pulsating component. In particular, eclipsing binaries provide the opportunity to derive masses and radii to very high precision (up to 1%), as they rely purely on geometry (Southworth 2012) and, therefore, aid conclusions derived from modelling. Furthermore, eccentric binaries can tidally excite eigenmodes or alter the frequencies or amplitudes of free pulsations (Maceroni et al. 2009; Welsh et al. 2011; Hambleton et al. 2013) , which provide additional opportunities for stellar modelling (Fuller & Lai 2012) . In addition, Welsh et al. (2011) were able to determine the orbital inclination, and therefore the absolute masses of the non-eclipsing binary KOI 54 by modelling ellipsoidal variation (the deformation of stellar surface models as Roche potentials) and reflection (mutual heating of irradiated stellar surfaces; Wilson 1990 ). However, despite their obvious benefits, pulsating binaries also present a challenging analysis, in which signals of two different origins must be disentangled. A common approach has been to treat the asteroseismic and binary signals separately to solve the system iteratively, which has been applied, for example, by Maceroni et al. (2013 Maceroni et al. ( , 2014 and Debosscher et al. (2013) .
In this paper, we analyse the eccentric, non-eclipsing binary star KIC 10080943 (effective temperature T eff ∼ 7400 K; surface gravity log g ∼ 4.0; Huber et al. 2014) , observed during all four years of the nominal Kepler mission. Tkachenko et al. (2013) discovered pulsations of γ Dor and δ Sct type, indicating that the system might contain a hybrid pulsator. From groundbased follow-up observations, they further discovered that it is a double-lined spectroscopic binary.
In Sect. 2 we describe the acquisition, characteristics, and reduction of the Kepler photometry and ground-based spectroscopy, which we use to derive atmospheric parameters in Sect. 3. We describe the modelling of the binary light curve (Sect. 4), as well as the frequency analysis (Sect. 5), before discussing our findings in Sect. 6 and ending with a brief summary. The analysis of the g modes is presented in an earlier, separate paper (Keen et al. 2015) .
Observations

Kepler photometry
The Kepler satellite was launched on 6 March 2009 and ended its nominal mission on 11 May 2013, after a second reaction wheel failed and pointing it to its chosen field could no longer be kept stable. During the course of its operation, Kepler collected data in eighteen quarters, employing a sampling rate of 29.4244 min in long cadence (LC) mode. For KIC10080943, there are LC observations available from Q0 to Q17, amounting to a time span of 1470.5 days, which contain 65 959 data points after deleting 22 outliers. We extracted the light curve from the public pixel data files using a custom aperture mask, which contained more pixels than the original mask to minimise long term trends . After each quarter, the satellite rolled to adjust the position of the solar panels. This caused short gaps in the light curve and made the stars fall on different CCD modules, which deviate in sensitivity and lead to varying observed flux. By fitting a second order polynomial to the light curve in each quarter, we rectify any spurious trends to safely concatenate the data (for more details see Debosscher et al. 2013) . A close-up of the final light curve is shown in Fig. 1 , where time is given as Barycentric Kepler Julian Date (BKJD), which is Barycentric Julian Date (BJD), using a zero point of 2454833.0.
HERMES spectroscopy
In addition to the photometric observations, we monitored the star with the HERMES spectrograph (Raskin et al. 2011) , mounted on the 1.2-m Mercator telescope in La Palma, Spain. We obtained 26 spectra between August 2011 and October 2014. The raw spectra were reduced using the HERMES pipeline. Since the target is faint for a high-resolution spectrograph on a 1.2-m telescope (Kepler magnitude K p = 11.8 mag), most spectra that were obtained have a signal-to-noise ratio (S /N) below 30. We prepared the spectra for normalisation by removing the spectrograph's response function and then dividing this by a synthetic composite spectrum of two identical stars, given the component's similarity and their mass ratio close to unity (T eff,1,2 = 7000 K, log g 1,2 = 4.0, metallicity Z 1,2 = 0, projected rotational velocity of the primary v sin i 1 = 13 km s −1 , and of the secondary v sin i 2 = 10 km s −1 ). Subsequently, we fitted the result with a third-order polynomial, avoiding regions of hydrogen and telluric lines, and used it to normalise the spectra. Given that double-lined F-type binary spectra contain a large number of lines and the observations have a low S /N, we found this method to be the most reliable. Our tests showed that fitting a secondorder spline to continuum points resulted in a wavy continuum, varying between spectra.
We used the normalised spectra to perform spectral disentangling and to obtain fundamental parameters for both components (see Sect. 3). In addition, we extracted the radial velocities (RVs) of both components from the spectra's échelle orders prior to normalisation by cross-correlating with a mask of an F0 star and fitting a double Gaussian to the resulting function.
Spectral disentangling, binary orbit and atmospheric parameters
We used the Fourier method of spectral disentangling (Hadrava 1995) , as implemented in the FDBinary code (Ilijic et al. 2004) , to extract the spectral contributions of both binary components from the observed composite spectra of the system. The method (originally introduced by Simon & Sturm 1994) allows for simultaneous separation of the spectra of the two binary components and optimisation of the system's orbital elements. Before determining the orbit, we used the RVs to derive the orbital period, which was then fixed in FDBinary to simplify the optimisation problem. The following five spectral regions were used to calculate the orbital parameters: 4530 -4590 Å, 4600 -4650 Å, 5164 -5174 Å, 5250 -5295 Å, and 5350 -5380 Å. Table 1 lists the mean and standard deviation of the parameters: time of periastron passage t 0 , eccentricity e, longitude of periastron ω, and the RV semi-amplitudes K 1 and K 2 . The mass ratio q = M 1 /M 2 = K 2 /K 1 , the systemic velocity γ, and the semimajor axis as a function of orbital inclination i orb , a sin i orb , are also listed. All values are in agreement with those derived from fitting the RVs. The orbital fit to the RVs is shown in Fig. 2 .
In the next step, we fixed the orbital elements to the mean values and performed spectral disentangling in the range between 4200 Å and 5650 Å. The violet part of the spectrum was ignored because of large uncertainties in the continuum normalisation, while the red part was skipped because of large telluric contamination and an increasing level of noise. The quality of the continuum normalisation of the original data suffered significantly from the low S /N of the data. This naturally propagated into the quality of the disentangled spectra, particularly in the regions of the Balmer lines. We found that the normalisation of the H β profile was not accurate enough to provide reliable Fourier spectral disentangling in the corresponding wavelength region. Our attempt to perform disentangling in the wavelength domain, using the original method of Simon & Sturm (1994) , also failed. The disentangling went reasonably well for the entire red part of the H γ profile, whereas its blue wing suffered significantly from the zero-frequency component in the Fourier domain. The blue wing was corrected by fitting a low-degree polynomial, to restore the symmetry of the entire profile with respect to its red wing. The reliability of such an approach was later tested by means of the spectrum analysis based on the entire wavelength range and the one excluding the H γ profile. The metal line spectrum was disentangled in small segments (∼30 -50 Å each), where low-amplitude continuum undulations were corrected by fitting a low-degree polynomial to each of the wavelength regions. The final disentangled spectra were obtained by merging all segments.
We used the gssp_binary software package (Tkachenko 2015) to fit the disentangled spectra. The spectrum analysis relies on a grid search in the fundamental parameters: T eff , log g, micro-turbulence ξ, metallicity [M/H], projected rotational velocities v sin i 1,2 , and the ratio of the radii R 1 /R 2 ; the 1-σ uncertainties are calculated from χ 2 statistics, taking into account all possible correlations between parameters (Lehmann et al. 2011 ). Due to the low S /N of the data, micro-turbulence is hard to constrain and we derived another solution with micro-turbulence fixed at 2.0 km s −1 . The code allows for constrained fitting of the two spectra simultaneously and takes into account the wavelength dependence of the light ratio of the two stars, by replacing it with the ratio of their radii. We found that the final solution was very sensitive to whether the H γ spectral line was included in the fit, particularly influencing T eff and log g of the primary compo-A&A proofs: manuscript no. aa26945-15 Fig. 3 . Fit to the disentangled spectra of both components of the KIC 10080943 system (top panels -primary, bottom panels -secondary) with the gssp_binary software package. The observations are shown as the light grey line and the best fit synthetic spectra are illustrated with the black line.
nent. Given the level of uncertainty in the disentangling of this line and the corrections applied to its blue wing afterwards, we decided to exclude it from the final fit and focused on the metal line spectrum for each of the components. This approach is justified by the large number of metal lines present in the spectra of both stars, which contain sufficient information for T eff and log g to be constrained from the excitation and ionisation balance, respectively. The finally adopted fundamental parameters are listed in Table 1 . The quality of the fit for both stars in two different wavelength regions is illustrated in Fig 3. The moremassive primary component is found to have a v sin i about 1.35 times greater than the secondary, which is in turn slightly hotter. A less-massive but hotter secondary is counter-intuitive, but can be explained by a larger primary radius. We find that the components' metallicities are consistent with each other and may be slightly sub-solar (the solar composition was adopted from Grevesse et al. 2007 ). 
2.9 ± 0.1 2.1 ± 0.2 log g (cgs)
3.81 ± 0.03 4.1 ± 0.1 
Binary light curve modelling
The binary signal also appears in the Kepler light curve. The orbit is seen in the Fourier transform as the first ten harmonics of the orbital frequency, f orb = 0.0652 d −1 , with amplitudes well below most pulsation modes (Fig. 8; panel b) . Ellipsoidal variation and reflection are non-sinusoidal signals at high eccentric- ity and cause harmonic peaks at integer multiples of the orbital frequency. Subtracting the g-and p-mode pulsations using classical iterative prewhitening (see Sect. 5) from the original light curve reveals a periodic brightening occurring at orbital phase zero, which we associate with ellipsoidal variation and reflection (Fig. 4) . To complete the iterative approach of studying pulsating binary light curves, we modelled this signal and subsequently subtracted it from the original light curve, to extract the pure pulsation signal. This procedure was only repeated once, as the difference in subsequent frequency and binary fits was negligible.
MCMC setup
Since KIC 10080943 does not show eclipses, the modelling is not well constrained and degeneracies occur among parameters, such as effective temperatures and stellar surface potentials, Ω, which define the stars' shapes in Roche geometry and can be used to derive the stellar radii. The shape of the ellipsoidal variation signal is, in principle, a function of the temperature ratio, stellar radii, eccentricity, and inclination. At higher orbital inclination, we expect to see a double-humped feature, while for low values of inclination, only one hump appears. Before modelling, we concluded that i orb probably lies between 60
• and 82.5
• , since a lower value would yield masses that are too high, given an early-F spectral type, and a higher value would result in eclipses. The fact that we only see one peak in the light curve means that reflection is the dominating effect, which constrains the sizes of the stars and their temperatures. Furthermore, this brightening signal has a small amplitude and, thus, a low S /N. Small variations in the light curve will therefore be drowned out in the noise and remaining unresolved pulsation frequencies. In this case, the parameter hypersurface will have many dips and troughs, and minimisation algorithms might get stuck in local minima.
To overcome these obstacles we perform a Markov Chain Monte Carlo (MCMC) simulation (implemented in emcee by Foreman-Mackey et al. 2013) , which allows several chains of models to explore the parameter space and build up a posterior probability density function of the parameter space Θ, given the data set D. If we assume that our parameters follow a Gaussian distribution, we can write the posterior probability as
where χ 2 is a simple goodness-of-fit measurement. The χ 2 values were calculated at each step of each chain using binary models computed with phoebe (Prša & Zwitter 2005) , which is based on the Wilson-Divinney code (Wilson & Devinney 1971; Wilson 1979) . In this way, an MCMC simulation also improves the model fit to the data by maximising the posterior. Gaussian priors of the effective temperatures and the orbital parameters (e, ω, q, and γ), which are based on the spectral analysis and spectral disentangling, respectively, were used to write the posterior probability as
where
, and χ 2 RV2 are the respective goodness-of-fit measurements of the light curve, and the primary and secondary RVs, while T 1 , T 2 , e, ω, q, and γ are the currently inspected values of the model's primary and secondary effective temperature, eccentricity, longitude of periastron, mass ratio, and systemic velocity, respectively.
At each step the algorithm draws the chains' positions in the parameter space from a uniform, non-informative prior distribution, where we chose 3-σ ranges as limits for the parameters that can be constrained from spectroscopy. The limits for the other parameters were chosen by optimising the fit by eye before starting the MCMC computations. Furthermore, we had to introduce a phase shift ∆φ, to define the zero point in time (t 0 ) as time of periastron passage, since phoebe was designed to model eclipsing binary stars. In a first step, we assumed synchronous rotation for both components and set the synchronicity parameter F = ω rot /ω orb = 1. Subsequently, we introduced a 2:1 resonance with the orbital period for the primary's rotation period (F 1 = 2), based on our asteroseismic analysis (Sect. 5), while F 2 was allowed to vary. All adjusted parameters and their limits are listed in Table 2 . Before calculating the χ 2 values, the Kepler passband luminosity levels and the bolometric limb-darkening coefficients were computed for the current positions of the chains. The passband limb-darkening coefficients were fixed to values taken from Claret & Bloemen (2011) for models close to our spectroscopic solution.
One drawback of current binary modelling techniques is that they are computationally intensive and are thus unable to deal with datasets as large as produced by the nominal Kepler mission. Therefore, we phase-binned the light curve into 658 bins, reducing the number of data points by a factor of 100. This means fixing the orbital period and time of periastron passage.
The algorithm converged after 2000 iterations of 64 chains and was then reiterated 128 000 times to explore the parameter space and determine the uncertainties of each parameter. Figure 5 shows the posterior distributions of the following parameters: inclination i orb , effective temperature T eff,1,2 , and surface 
potential Ω 1,2 of the primary and secondary component 1 . It can be seen that the orbital inclination is not distributed normally, hence the reported uncertainties should be interpreted as a range of possible values. Furthermore, we find no obvious correlations with other parameters. All orbital parameters defined by the RVs are well within the error bars determined from spectral disentangling, while F 2 could not be constrained. The result is summarised in Table 1 and the best model fit to the binary light curve is shown in Fig. 4 , and to the radial velocity curves in Fig. 2. 
Bolometric albedos and gravity darkening
Other parameters that influence the shape of the light curve are the bolometric albedo α and the gravity darkening exponent β. The former is linked to reflection and determines the flux fraction that is used to heat the irradiated star, while the latter determines the difference in flux that results from varying surface gravity across the distorted stellar surfaces. The values of these parameters depend on the main energy transport mechanism in the stellar envelope. For predominantly convective envelopes, the theoretically predicted values are α = 0.5 (Rucinski 1989) and β = 0.32 (Lucy 1967; Claret 2003) , while for radiative envelopes, the commonly used values are α = β = 1 (Rucinski 1989; Claret 2003) . Both components of KIC 10080943 lie within in a range of mass and temperature for which convective envelopes are expected, but these are thin and the radiative zone extends almost to the photosphere. We therefore decided not to fix α 1,2 and β 1,2 for the modelling (Table 2) .
We found a weak positive correlation for α and T eff for the primary and the secondary and α 1 = 0.8 ± 0.1, α 2 = 0.95 ± 0.05. Between Ω 2 and α 2 , as well as α 1 , there is a stronger correlation (Fig. 6) , which means that for a smaller secondary radius, a higher albedo is required to fit the observed height of the peak associated with reflection.
The gravity-darkening exponents, on the other hand, tend to lower values. In particular for the primary β 1 = 0.035 +0.06 −0.026 , while showing a strong correlation with Ω 1 (Fig. 7) . A similar degeneracy between surface potential and gravity darkening has been reported before by Beck et al. (2014) .
From these degeneracies, we derive the expected surface potentials for the theoretical albedos and gravity-darkening exponents for convective envelopes. Since, any kind of degeneracies represent an uncertainty, we report the surface potentials and radii in Table 1 for the full range of possible values, including the MCMC solution. The corresponding ratio R 1 /R 2 is then in excellent agreement with the spectroscopic value with fixed micro-turbulence.
Pulsation frequency analysis
In the Kepler light curve, the periodic flux variations caused by stellar pulsations are far more prominent than the binary signal. We extracted this oscillatory behaviour with a Fourier transform (for a detailed description of the method, we refer to Degroote et al. 2009 ). There are two variability regions clearly distinguishable in the periodogram, displayed in Fig. 8 . Below a frequency of 5 d −1 , we find pulsation modes of γ Dor type, while in the high frequency range, above 8 d −1 , we find typical δ Sct pulsation modes. Both regions are highly structured.
As a stop criterion for the iterative prewhitening, we chose a p value below 0.001, meaning there is a 0.1 % chance that a frequency peak is pure noise. Of all detected peaks, we only considered those with S /N ≥ 4 (Breger et al. 1993) , where the noise level was calculated as the mean amplitude of the residual periodogram in a 1 d −1 frequency range around each peak. Since the noise level is not uniform across the frequency spectrum, and is higher in the low-frequency regime and in regions where many peaks cluster, an ordinary prewhitening does not reach the high-frequency peaks with low amplitudes (A < 20 ppm). Hence we applied a Gaussian filter with σ = 0.02 d to the light curve and subtracted the result from the original light curve to treat the high-frequency regime. This method lowers the signal below 9 d −1 considerably; the highest peak in this region has A < 110 ppm. When merging the two sets of the two frequency searches, we therefore selected all peaks ≤ 9 d −1 from the original light curve and all peaks > 9 d −1 from the filtered light curve. We then fitted a harmonic model with these frequencies to the original light curve.
The width of one frequency peak is connected with the Rayleigh limit 1/T = 0.00068 d −1 , with T = 1470.4624 d being the length of the data set. Loumos & Deeming (1978) found that two peaks with a separation smaller than 2.5/T influence each other during the prewhitening process. There are several low-amplitude, yet significant frequencies that are found in the vicinity of high-amplitude peaks with a separation smaller than the Rayleigh limit, which we excluded from the final frequency list. Figure 9 shows the periodogram of the residual light curve, after subtracting the binary model calculated in Sect. 4 and 522 significant frequencies.
We calculated the errors on the frequency, amplitude, and phase, following the description of Montgomery & O'Donoghue (1999) . These errors rely on the assumption of white noise in the data and therefore underestimate the real error, in this current study by a factor ∼ 2 owing to correlation effects (Schwarzenberg-Czerny 2003) . We applied this correction factor to the errors. All parameters, their correlation-corrected uncertainties, and S /N values are listed in Table A.1.
As already mentioned in Sect. 4, we also detect the binary ellipsoidal variation and reflection signal as orbital harmonics in the periodogram (see Fig. 8, panel b) . To disentangle both signals, we have to perform an iterative analysis. After subtracting the binary model, we only found minimal changes in the determined pulsation frequencies, in comparison with the solution derived from the original light curve with the orbital harmonics prewhitened in Fourier space rather than the binary light curve in the time domain. The frequency 2.2940 d −1 with S /N = 4.01 is not detected anymore when working with the residual light curve after orbital subtraction. Six additional frequencies were detected: f 255 , f 256 , f 265 , f 268 , f 276 , and f 512 .
Tidally influenced pulsations
Another source for frequencies at multiples of the binary orbit are tidally induced or influenced pulsations. Examples of pulsating stars in eccentric binaries exhibiting tidally excited modes are given by Welsh et al. (2011) and Hambleton et al. (2013) , where almost all g modes could be attributed to this driving mechanism. In the case of KIC 10080943, we only see weak tidal influence on the pulsations. Altogether we found four frequencies that are in the vicinity of integer multiples of the or- Table 3 , where the relative frequency f r = f obs − n f orb > 1/T . The frequency f 128 = 0.45663 ≈ 7 f orb coincides with the orbital harmonics caused by the non-sinusoidal binary signal. Consequently, it was prewhitened together with the orbital harmonics to study the pulsations alone in the first iteration of the binary-pulsation analysis. By cutting the brightening from the pulsation-residual light curve and fitting a polynomial to the phases outside the brightening, we manually separated the two signals. All non-sinusoidal signals at the orbital period are removed, while oscillations at orbital harmonics remain, creating a peak in the frequency spectrum. When a binary model was subtracted in subsequent iterations, as opposed to orbital harmonics, this confusion no longer arose.
The g modes
The g modes (Fig. 8, panel c) in KIC 10080943 are discussed by Keen et al. (2015) , who performed an independent analysis. They found six series of modes equally spaced in period. Five of these consist of = 1 dipole modes, which form rotationally split mutliplets, a series of doublets, and a series of triplets. This indicates that both stars pulsate in g modes. Since, for the doublets the central m = 0 modes cannot be detected, the frequency splitting ∆ f g1 ≈ 0.091 d −1 of the outer components is twice the actual rotational splitting. Approximating the Ledoux constant for dipole g modes by C n, ≈ 0.5 then leads to a rotational period P rot,g1 ≈ 11 d. For the triplets, on the other hand, all components are detected and they are split by ∆ f g2 ≈ 0.07 d −1 , yielding P rot,g2 ≈ 7 d. Additionally, they found evidence for modes of = 2. For figures and tables of the period spacing and rotational splitting in the g modes, we refer to Keen et al. (2015) . In the analysis performed for this paper, we confirm their results.
The p modes
In the highly structured p-mode regime ( f > 8 d −1 ; Fig. 8 , panels d and e) we detected four multiplets caused by rotational splitting, which are displayed in Fig. 10 and listed in Table 4 . The most prominent feature is the quintuplet around 17.3 d −1 , which has a mean frequency splitting of ∆ f p1 = 0.1304 ± 0.0013 d −1 = 2 f orb . In the triplet around 15 d −1 , we found a smaller splitting value of ∆ f p2 = 0.1213 ± 0.0019 d −1 . Furthermore, none of the multiplets are symmetric about their centre frequency, which could be indicative of second-order rotational effects (e.g. Saio 1981) or magnetic splitting, in addition to rotational splitting (e.g. Goode & Thompson 1992) . This is most noticeable for the triplet at 19.5 d −1 , where the mean splitting value (∆ f = 0.1315±0.0029 d −1 ) is also larger, although within the error bars of ∆ f p1 . We note that the rotational splitting values that occur in the p modes are different from the ones found in the g modes, which will be further discussed in Sect. 6. Furthermore, we find that the two highest-amplitude peaks f 4 = 13.94759 d −1 and f 13 = 15.683330 d −1 are singlets, and hence likely to be radial modes, although their degree as well as radial order remain unidentified at this stage. In Sect. 5.5 we present evidence that these two frequencies originate in the two different stars.
Another spacing, which occurs several times among frequency pairs, is ∆ f = 0.052 d −1 . It is most striking in the frequency range 8 d (Fig. 8, panel d) and is connected to the difference of two high-amplitude g modes f 1 − f 12 = 0.05152 ± 0.000013. We interpret these p-mode frequency pairs as due to non-linear resonant mode coupling. The spacing also appears in the periodogram as f 87 = 0.05208 d −1 . A similar effect has been observed in the slowly pulsating B-type (SPB) binary KIC 6352430 by Pápics et al. (2013) , who give a similar interpretation.
Combination frequencies
Non-linear pulsation effects can manifest themselves in the Fourier spectrum as combination frequencies and harmonics of a few parent frequencies. Pápics et al. (2015) and Kurtz et al. (2015) have recently used them to explain the skewed, nonsinusoidal light curves of many γ Dor and SPB stars. We also identify non-linearity in the light curve of KIC 10080943 from the detection of several low-order combination frequencies of the form n f i ± m f j = f k , where n and m are small integers, f i and f j are called the parent frequencies, and f k the combination frequency. To keep the number of combinations manageable, we limit the search for combinations to (n+m) ≤ 2 and to parent frequencies among the 40 highest amplitude modes. We note that from those 40 modes, only five are not identified to be part of a period spacing series or rotational multiplet. Owing to the dense frequency spectrum, there are several combinations that can be made by pure chance (Pápics 2012) , and several different parents can combine to the same combination frequency. Nevertheless, we found clear and obvious patterns.
Frequencies f 4 = 13.94759 d −1 and f 8 = 3.33350 d −1 create combinations (sums and differences) with almost all mode frequencies of the rotationally split doublets in the g modes. The frequency group between 4 d −1 and 4.7 d −1 is fully explained through resonances with f 8 , as discussed by Keen et al. (2015) . Moreover, the single peak between the g-and p-mode regions can be related to 2 f 8 = 6.66697 d −1 (see Fig. 8 , panel a). Nonlinear mode coupling also happens among the highamplitude g modes, which (almost exclusively) explain the frequencies between 1.6 d −1 and 2.6 d −1 . Although some combinations are created by modes of the frequency triplets, by far the majority of combinations are caused by the frequency doublets, due to their higher amplitudes.
Phase modulation
The motion of the stars in the binary orbit causes a periodic variation in the path length travelled by the light from the stars to the Earth, which results in a phase change of the observed pulsation over the orbital period ). Since these changes should be in anti-phase for the two components, we used this method to determine which pulsation frequencies originate in which star.
The entire Kepler light curve was divided into 5-day segments to retrieve the phase variations, and the phases of the pulsations were determined with the frequencies fixed to the values in Table A.1. These phase variations were then converted into light arrival time delays. A Fourier transform of these time delays gives the orbital period, the projected light travel time across the orbit, and the eccentricity (a full description is provided by Murphy et al. 2014; . For a period as short as 15.3364 d, the segment size is a trade off between the frequency resolution for each segment and the sampling rate of the orbit. This is easier to achieve for the highest-amplitude p modes. Despite the obvious limitation of this method for shortperiod binaries, we were able to determine the phases of the orbital variations of seven modes (excluding f 18 , which has strong beating with a close frequency), given in Table 5 . For f 4 and f 13 the phases are 2.06 ± 0.08 and 5.31 ± 0.17, respectively, which are π rad out of phase within the errors. They have time delays of 44.0 ± 3.5 s and 36.2 ± 4.8 s, respectively, where the smallest time delay belongs to the star with the smaller a sin i orb and larger mass. Consequently, the peaks whose orbital variation has a phase near 5.0 belong to the primary, while those with phases near 2.0 belong to the secondary. This method can also be used to derive orbital parameters, without the use of ground-based spectroscopy. For KIC 10080943 they are in good agreement with our results derived from RVs and spectral disentangling, but the results from phase modulation (PM) have much larger error bars, due to the short orbital period and a segment size of only 5 days.
Another effect caused by the light travel time delay is modulation of frequencies, which creates side lobes at the orbital frequency in the periodogram. We detected these side lobes for the high-amplitude p modes. These can also be used to study an orbit photometrically (e.g. Shibahashi & Kurtz 2012; Telting et al. 2014; Shibahashi et al. 2015) , but once again, our spectroscopy is far superior for deducing orbital properties in the case of KIC 10080943.
Discussion
6.1. Core-to-surface rotation Keen et al. (2015) detected two different frequency-splitting values in the g modes of KIC 10080943 from analysis of the Kepler light curve without orbital prewhitening. In this paper we confirm this result after subtraction of the binary signal from the V. S. Schmid et al.: KIC 10080943: A binary containing two hybrid pulsators. 4.75 ± 0.28 1 light curve followed by pulsation frequency analysis. Moreover, we find two different splitting values in the p modes as well. This is strong evidence that both stars pulsate as p-and g-mode hybrids. Our binary analysis yields similar masses for both stars, which supports this hypothesis. By detecting rotational splitting in the g modes, which are sensitive to the region close to the stellar core, as well as in the p modes, which have their highest amplitudes in the stellar envelope, we can constrain the internal rotation profile of a star in a largely model-independent way, as explained in detail in Kurtz et al. (2014) and in Saio et al. (2015) for two previously analysed stars with similar mass. Here, we achieve this via the detected frequency patterns and combination frequencies. The p-mode frequency f 4 only creates combinations with the frequencies of the g-mode doublets, while the frequency f 13 = 15.68333 d −1 does not create combination frequencies in this way and also does not originate in the same star as f 4 (Table 5 ). The PM results further show that f 21 = 12.890541 d −1 , which is part of a triplet with rotational splitting ∆ f p1 = 0.1304 d −1 , does stem from the same star as f 4 . We therefore conclude that the p-mode splitting that corresponds to the rotational period P rot,g1 ≈ 11 d of the g-mode doublet has to be ∆ f p2 = 0.1213 d −1 . For pure p modes, the Ledoux constant C n, ≈ 0 and β n, = 1 − C n, ≈ 1, resulting in a rotational period P rot,p2 ≈ 8.2 d. Thus, we conclude a core-to-surface rotation rate for the secondary of approximately P core,2 /P surface,2 ≈ 1.3. Similarly for the primary, P rot,p1 ≈ 7.7 d and P core,1 /P surface,1 ≈ 0.9.
The core-to-surface rotation rates derived here are rough first estimates, as the proper computation of the p-mode Ledoux constant requires seismic modelling of the zonal modes, taking into account a possible influence by the g-mode cavity, as well as the observed departure from equidistance in the p-mode splittings (Table 4) . Also, the g-mode splittings vary with frequency, which Keen et al. (2015) attributed to the dependence of the Ledoux constant on radial order n. Triana et al. (2015) deduced the internal rotation profile of the SPB KIC 10526294 from gmode frequency inversion, after detailed seismic modelling of the zonal modes by Moravveji et al. (2015) . We plan to follow similar methodology, as in these two papers, for our future detailed modelling of KIC 10080943, with the aim of determining the interior rotation profiles of its components with better precision than the first rough estimates we present here.
Spin-orbit alignment
It is usually assumed that the rotational axis of binary components are aligned with the axis of the orbital plane. The low amplitudes of the zonal g modes suggest that the stars are seen under a high inclination angle (Keen et al. 2015) , whereas the configuration of the p-mode multiplets seem to indicate a low inclination angle. Since heat-driven pulsations might not be excited to similar intrinsic amplitudes, the splitting geometry only provides weak evidence for the inclination of the stellar pulsation axis. The orbital inclination angle has to be below 82.5
• , given that no eclipses are observed. We can further test the assumption i orb i rot by deriving a radius with the rotational splitting and v sin i rot for i orb = 68 ± 3
• . For the primary ( f surface,1 = 0.1304 ± 0.0013 d −1 , v 1 sin i rot,1 = 18.7 ± 1.2 km s −1 ), we find a radius of 3.06 ± 0.22 R , and for the secondary ( f surface,2 = 0.1213 ± 0.0019 d −1 , v 2 sin i rot,2 = 13.8 ± 1.6 km s −1 ) 2.43 ± 0.29 R , giving a ratio R 1 /R 2 = 1.26 ± 0.18. Using the v sin i rot values from the spectroscopic solution with microturbulence as a free parameter makes marginal difference and gives a ratio R 1 /R 2 = 1.24 ± 0.17. The values derived here are in agreement with the radii derived from binary modelling and spectroscopic analysis, given the 1-σ uncertainties in Table 1 , as well as the assumed spin-orbit alignment.
Summary
From the extraordinarily rich frequency spectrum of the fouryear Kepler light curve of KIC 10080943, we have shown that this eccentric binary system contains two γ Dor/δ Sct hybrids. The analysis of the clearly separated g-mode range, presented by Keen et al. (2015) shows the discovery of six period spacing series, which form rotationally split triplets of prograde, zonal, and retrograde modes for one star, and doublets of prograde and retrograde modes for the other star. In this paper, we find rotationally split multiplets with two distinct spacings in the p-mode range, where one star seems to have a 2:1 resonance with the orbital period. Using combination frequencies we manage to link period spacing in the g modes with rotational splitting in the p modes for both components. We derive that the primary has a core that rotates slightly more rapidly than its surface, while the secondary's core rotates more slowly than its surface. Similar results have been obtained by Kurtz et al. (2014) and Saio et al. (2015) for two single hybrid g-and p-mode pulsators. The phase modulation detected for the high-amplitude p modes of KIC 10080943, which is caused by the light travel time effect in the binary orbit, suggests that the secondary is the stronger pulsator.
Buried beneath the high amplitude pulsations, we discover ellipsoidal variation and reflection with an amplitude of only 0.2%. The effects are not dominating the light curve, since the 15.3364-d orbit with e = 0.449 results in a separation of ∼ 22.6 R at periastron. We derived the orbital solution from 26 ground-based spectra, showing lines of both components with a mass ratio close to unity. From the disentangled spectra, we confirmed the early F spectral type for both stars, with temperatures T eff,1 = 7150 ± 250 K and T eff,2 = 7640 ± 240 K. The surface gravities can only be moderately constrained with spectroscopy. A high-precision estimate was, however, achieved by the binary fit obtained for the light curve. We used phoebe to compute the models and an MCMC simulation to improve the fit, as well as derive the posterior probability distribution for each parameter. The inclination angle is not normally distributed and a range of possible values is i orb = 68
• ± 3
• . For this range, we derive absolute masses M 1 = 2.0 ± 0.1 M and M 2 = 1.9 ± 0.1 M . From the fitted surface potentials, corrected for degeneracies with albedo and gravity darkening, we find the radii R 1 = 2.9 ± 0.1 R and R 2 = 2.1 ± 0.2 R . From these values we derive surface gravities log g 1 = 3.81 ± 0.03 and log g 2 = 4.1 ± 0.1. The example presented in this paper illustrates that, for non-eclipsing binaries, it is necessary to combine spectroscopic, photometric, and asteroseismic analyses to obtain a good characterisation of the system. Only double-lined eclipsing binaries allow us to derive high-precision fundamental parameters in a largely modelindependent way, and without suffering from degeneracies in the same way as binaries with only a brightening signal.
As stars evolve along the main sequence, they develop a chemical composition gradient near the core, which creates a periodic signal in the period spacing in the ∆p vs. p diagram (Van Reeth et al. 2015b) . We can use the period spacing series detected for KIC 10080943 to derive the properties of the mixing mechanisms taking place in the deep stellar interior. Further crucial constraints on the stellar structure of both components of KIC 10080943, keeping in mind its close binary nature and accompanying tidal forces, can be derived from the rotation rates that are detected for the region near the cores and the surfaces. Tight asteroseismic constraints on the interior rotation profile of both stars can only be drawn from the detailed comparison to stellar models, which will be subject of a subsequent paper. 
, and the complete range up to the Nyquist frequency. Period spacing doublets (PS d) and triplets (PS t), frequency splittings (FS) and combination frequencies are identified by comments. 
